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Introduction 
%UDFKLDULD GHFXPEHQV FY %DVLOLVN LV WKH VLQJOH PRVW
LPSRUWDQW IRUDJH JUDVV XVHG IRU SDVWXUHV LQ WKH WURSLFV
7KLV FXOWLYDU KDV H[FHSWLRQDO DGDSWDWLRQ WR DFLG VRLOV
YLJRURXVJURZWKHDVHRIHVWDEOLVKPHQWDQGJRRGIRUDJH
YDOXHWKURXJKRXWWKH\HDUEXWWKHVHIDYRUDEOHFKDUDFWHU
LVWLFVDUHFRXQWHUDFWHGE\LWVVXVFHSWLELOLW\WRLQVHFWSHVWV
í VSLWWOHEXJV %UHHGLQJ WR SURGXFH LPSURYHG FXOWLYDUV
ZLWKLQWKLVVSHFLHVZDVLPSRVVLEOHXQWLOGXHWRWKH
ODFNRIFRPSDWLEOHVH[XDOHFRW\SHV:LWKWKHVXFFHVVRI
VRPDWLF FKURPRVRPH GXSOLFDWLRQ RI VH[XDOO\ UHSURGXF
LQJ GLSORLG SODQWV RI% GHFXPEHQV 6LPLRQL DQG9DOOH
 LQWUDVSHFLILF FURVVHV ZLWK QDWXUDO DSRPLFWLF
WHWUDSORLGDFFHVVLRQVZHUHILQDOO\SRVVLEOH7KLVDEVWUDFW
UHSRUWVWKHUHVXOWVRIWKHDJURQRPLFDQGQXWULWLRQDOHYDO
XDWLRQ RI  SUHVHOHFWHG LQWUDVSHFLILF K\EULGV RI %
GHFXPEHQV
Methods 
)RXU KXQGUHG DQG ILIW\VHYHQ LQWUDVSHFLILF K\EULGV RE
WDLQHG IURPFURVVHV EHWZHHQ  VH[XDO SODQWV DUWLILFLDOO\
WHWUDSORLGL]HGE\FROFKLFLQHDQGWKHDSRPLFWLFWHWUDSORLG
FY %DVLOLVN FRPSULVH WKH (PEUDSD %HHI &DWWOH EDVH
SRSXODWLRQRI%GHFXPEHQV2I WKHVH K\EULGVZHUH
VHOHFWHG PDVV VHOHFWLRQ YHJHWDWLYHO\ SURSDJDWHG DQG
WUDQVSODQWHG WR D ILHOG WULDO DW (PEUDSD %HHI &DWWOH
&DPSR*UDQGH06 %UD]LO LQ D UDQGRPL]HG FRPSOHWH
EORFN GHVLJQ ZLWK  UHSOLFDWLRQV DQG  SODQWV SHU SORW

___________ 
&RUUHVSRQGHQFH&DFLOGD%GR9DOOH(PEUDSD*DGRGH&RUWH$YH
QLGD5iGLR0DLD=RQD5XUDO&DPSR*UDQGH&(3
06%UD]LO
(PDLOFDFLOGDYDOOH#HPEUDSDEU
ZLWKVSDFLQJRI[P7KHFRPPHUFLDOFY%DVLOLVN
ZDVXVHGDVDFRQWURO7KHHYDOXDWLRQEHJDQLQ-XO\
DQG FRQWLQXHG IRU  FXWV  FXWV GXULQJ WKH GU\ VHDVRQ
-XO\DQG6HSWHPEHUDQGFXWVGXULQJWKH
UDLQ\VHDVRQ1RYHPEHUDQG'HFHPEHUDQG
-DQXDU\DQG)HEUXDU\
$JURQRPLFHYDOXDWLRQVZHUHPDGHIRUWRWDOGU\PDWWHU
7'0OHDIGU\PDWWHU/'0OHDIGU\PDWWHUSHUFHQW
DJH/OHDIVWHPUDWLR/65DQGUHJURZWK5(*7KH
UHJURZWKVFRUHZDVDFRPELQHGVFRUHIURPSRRUWR
H[FHOOHQWEDVHGRQGHQVLW\VFRUHVSHUFHQWDJHRIWLOOHUV
VKRZLQJUHJURZWKDQGVSHHGRIUHJURZWK$OHDIVDPSOH
IURP HDFK SORW SUHYLRXVO\ GULHG DQG JURXQGZDV XVHG
IRUWKHDQDO\VLVRIFUXGHSURWHLQ&3LQYLWURGU\PDWWHU
GLJHVWLELOLW\ ,9'0' QHXWUDO GHWHUJHQW ILEHU 1')
DQG OLJQLQ /,* E\ QHDULQIUDUHG UHIOHFWDQFH VSHFWURV
FRS\1,560DUWHQHWDO
'DWD ZHUH DQDO\]HG XVLQJ WKH UHVWULFWHG PD[LPXP
OLNHOLKRRGEHVW OLQHDU XQELDVHG SUHGLFWLRQ SURFHGXUH
5(0/%/83LPSOHPHQWHGLQWKHVRIWZDUH6(/(*(1
5(0/%/83 5HVHQGH  ZLWK WKH IROORZLQJ
XQLYDULDWHPRGHO\ ;P=J:SHZKHUH\LVWKH
GDWD YHFWRU P LV WKH IL[HG HIIHFW FRPELQDWLRQ FXW
EORFNJLVWKHJHQHWLFHIIHFWUDQGRPSLVWKHSHUPD
QHQWHQYLURQPHQWDOHIIHFWUDQGRPDQGHLVWKHUDQGRP
HUURU;=DQG:DUHWKHLQFLGHQWPDWULFHVIRUPJDQG
SUHVSHFWLYHO\
Results and Discussion 
7KH MRLQW DQDO\VLV QRW VKRZQ GHWHFWHG KLJKO\ VLJQLIL
FDQWGLIIHUHQFHV3IRUK\EULGVIRUDOOWUDLWVHYDOX
DWHG6LJQLILFDQWGLIIHUHQFHVZHUHGHWHFWHGLQWKHK\EULGV
[KDUYHVWVLQWHUDFWLRQIRU7'0/'0//655(*&3
DQG ,9'0' EXW QRW IRU1') DQG /,* 7KXV JHQHWLF
YDULDWLRQ ZDV SUHVHQW DPRQJ WKH K\EULGV IRU DOO WUDLWV
$0HQGRQoD6&/%DUULRV8-)LJXHLUHGR*)$OYHVDQG&%GR9DOOH
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HYDOXDWHG DQGSHUIRUPDQFHRI WKHK\EULGV GLIIHUHG VLJ
QLILFDQWO\DFURVVKDUYHVWVIRUDOOH[FHSWRIWKHVHWUDLWV
7KH VHOHFWLRQ DFFXUDF\ HVWLPDWHV LQ WKH MRLQW DQDO\VLV
UDQJHGIURPWRIRUWKHHYDOXDWHGWUDLWVZKLFKDUH
FRQVLGHUHGPRGHUDWHWRKLJKYDOXHV
7KH 7'0 %/83 RYHUDOO PHDQ RI WKH K\EULGV 
NJKDZDVKLJKHUWKDQ IRUFY%DVLOLVNNJKDDQG
WKH PHDQ RI WKH EHVW SHUIRUPLQJ  K\EULGV ZDV 
VXSHULRUWRFY%DVLOLVN7DEOH7KHK\EULGZLWKKLJK
HVW SHUIRUPDQFH  NJKD \LHOGHG  NJKD PRUH
WKDQFY%DVLOLVNZKLFKGHPRQVWUDWHVWKHH[FHOOHQWSUR
VSHFWVIRUWKLVEUHHGLQJSURJUDP)RUWKHWUDLWVUHODWHGWR
OHDIWKHFRPSRQHQWRIWKHIRUDJHZLWKKLJKHVWQXWULWLRQDO
YDOXHRYHUDOOPHDQYDOXHVIRU/'0/DQG/65RIWKH
K\EULGVZHUH   DQG  VXSHULRU WR FY%DVL
OLVNUHVSHFWLYHO\7KHK\EULGZLWKWKHKLJKHVW/'0
NJKDKDGDOPRVWPRUH/'0WKDQWKHFXOWLYDUDQG
WKHK\EULGZLWKKLJKHVW/65KDGPRUH WKDQ WZLFH
DV PXFK OHDI DV WKH FRQWURO 7UDLWV UHODWHG WR WKH OHDI
FRPSRQHQWLQWKHIRUDJHDUHYHU\ LPSRUWDQWLQEUHHGLQJ
SURJUDPVEHFDXVHOHDYHVDUHSUHIHUHQWLDOO\FRQVXPHGE\
FDWWOH DQG KDYH KLJKHU QXWULWLYH YDOXH WKDQ VWHPV 7KH
RYHUDOOPHDQ5(*RIWKHK\EULGVGLGQRWGLIIHUIURPWKH
FY%DVLOLVNPHDQKRZHYHU WKHPHDQ5(*RIWKH
EHVW  K\EULGV DQG WKH EHVW K\EULG ZHUH  DQG 
VXSHULRUWRWKHFXOWLYDUUHVSHFWLYHO\)RUQXWULWLYHYDOXH
WUDLWVRYHUDOOPHDQVIRU&3DQG,9'0'RIWKHK\EULGV
ZHUH KLJKHU WKDQ IRU WKH FXOWLYDU ZKLOH1') DQG /,*
ZHUH ORZHU WKDQ IRU WKH FXOWLYDU 7KLV VKRZV WKDW LW LV
IHDVLEOH WR LGHQWLI\DQGVHOHFWK\EULGVZLWKEHWWHUQXWUL
WLYHYDOXH7KHKLJKHVW&3UHFRUGHGDPRQJVWWKHK\EULGV
 ZDV  SHUFHQWDJH XQLWV KLJKHU WKDQ IRU FY
%DVLOLVN7DEOH6RPHRIWKHEHVWK\EULGVIRUQXWUL
WLYHYDOXHWUDLWVZHUHFRLQFLGHQWZLWKWKHEHVWK\EULGV
IRU DJURQRPLF WUDLWV QRW VKRZQ LQGLFDWLQJ WKDW LW LV
SRVVLEOHWRVHOHFWK\EULGVZLWKKLJKSHUIRUPDQFHIRUERWK
DJURQRPLFDQGTXDOLW\WUDLWV)XUWKHUHYDOXDWLRQIRURWKHU
WUDLWV OLNH UHVLVWDQFH WR VSLWWOHEXJV DQG VHHG SURGXFWLRQ
QHHGV WR EH FRQVLGHUHG EHIRUH VXSHULRU K\EULGV FDQ EH
LGHQWLILHG WR FRQWLQXH WR WKHQH[WSKDVHRI WKHEUHHGLQJ
SURJUDP

Table 1.  %/83PHDQYDOXHVRIWKH%UDFKLDULDGHFXPEHQVK\EULGVDQGFY%DVLOLVNIRUDJURQRPLFDQGQXWULWLYHYDOXHWUDLWVHYDO
XDWHGLQKDUYHVWVDW(PEUDSD%HHI&DWWOH

7'0
NJKD
/'0
NJKD
/
 /65 5(*
0HDQ     
0HDQ     
2YHUDOOPHDQ     
%DVLOLVNPHDQ     
 &3
,9'0'

1')

/,*

0HDQ     
0HDQ     
2YHUDOOPHDQ     
%DVLOLVNPHDQ     
7'07RWDOGU\PDWWHU/'0/HDIGU\PDWWHU//HDIGU\PDWWHUSHUFHQWDJH/65/HDIVWHPUDWLR5(*5HJURZWKSRRUWR
H[FHOOHQW&3OHDIFUXGHSURWHLQSHUFHQWDJH,9'0'OHDILQYLWURGU\PDWWHUGLJHVWLELOLW\1')OHDIQHXWUDOGHWHUJHQWILEHU
SHUFHQWDJH/,*OHDIOLJQLQSHUFHQWDJH0HDQ%/83PHDQYDOXHRIWKHEHVWK\EULG0HDQ%/83PHDQYDOXHRIWKHEHVWK\EULGV2YHUDOOPHDQ%/83PHDQYDOXHRIDOOK\EULGV
Conclusion 
7KHUHLVJHQHWLFYDULDELOLW\IRUDUDQJHRIDJURQRPLFDQG
QXWULWLYH YDOXH WUDLWV LQ%UDFKLDULD GHFXPEHQV K\EULGV
PDNLQJLWSRVVLEOHWRVHOHFWVXSHULRUK\EULGVZLWKKLJKHU
SHUIRUPDQFH WKDQFY%DVLOLVN7KLVVHOHFWLRQSURFHVVLV
XQGHUZD\DQGUHVXOWVZLOOEHUHSRUWHGHOVHZKHUH
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